Introduction {#S0001}
============

Colon cancer is a frequent common malignancy of the digestive tract in the colon worldwide, which ranks third among gastrointestinal tumors.[@CIT0001],[@CIT0002] In recent years, with the change of people's diet structures and lifestyle in China, the incidence and development of colon cancer show an increasing trend.[@CIT0003],[@CIT0004] Currently, surgical resection is still the potentially curative strategy to cure colon cancer.[@CIT0005] Although the survival time of colon cancer patients is higher in early stages, most of the colon cancer patients are diagnosed at advanced stages with localized or distant metastasis, which is associated with low survival time and poor prognosis.[@CIT0006] Although the improved progress in diagnosis and treatment for colon cancer, the improvements in outcomes for advanced cancer is still unsatisfactory. Thus, identifying reliable cancer-related molecular markers associated with the progression of colon cancer is necessary.

MicroRNAs (miRNAs) are a kind of small endogenous non-coding RNAs that play important roles in the regulation of target genes expression by binding to 3ʹ-UTR of their target mRNAs, inhibiting translation or inducing mRNA degradation.[@CIT0007] It has been demonstrated that miRNAs are aberrantly expressed in various diseases and play crucial roles in the development and progression of these diseases, including cancers.[@CIT0008] Increasing studies have indicated that miRNAs participated in various biological behaviors, including development, apoptosis, differentiation, growth, and metastasis.[@CIT0009],[@CIT0010] Moreover, numerous studies revealed that miRNAs have remarkable potential value for diagnosis, prognosis, and therapies of cancers.[@CIT0011],[@CIT0012] Several studies indicated that miRNAs are involved in the progression of colon cancer, such as miR-190b,[@CIT0013] miR-708,[@CIT0014] and miR-298.[@CIT0015] The miR-1274a has an abnormal expression in prostate cancer,[@CIT0016] hepatocellular carcinoma,[@CIT0017] and esophageal squamous cell carcinoma.[@CIT0018] In ovarian cancer patients, low levels of circulating miR-1274a were associated with better survival.[@CIT0019] And in rectal cancer, a comprehensive miRNA expression profiling study identified many aberrantly expressed miRNA in tissues, including miR-1274a.[@CIT0020] Colorectal cancer is usually used as one catalogue and some miRNA expression patterns are similar in rectal cancer and colon cancer while some miRNAs expression pattern is different. Thus, exploring the expression pattern, the clinical significance and the biological functions of miR-1274a in colon cancer are still crucial to explore the mechanism of carcinogenesis of colon cancer.

In the current study, we explored the expression of miR-1274a in colon cancer tissues and human colon cancer cell lines. The association between miR-1274a expression and clinicopathological characteristics of colon cancer patients was also analyzed. In addition, the clinical significance and functional role of miR-1274a were investigated.

Patients and Methods {#S0002}
====================

Patients and Specimens {#S0002-S2001}
----------------------

A total of 117 colon cancer patients diagnosed in the Affiliated Hospital of Weifang Medical University were enrolled in this study from January 2011 to December 2014. Among them, 117 paired fresh tissue specimens and corresponding non-tumor tissue specimens during surgical resection were collected and immediately stored in liquid nitrogen for RNA extraction. All patients who provided specimens did not receive any anti-therapies before surgical resection, such as radiotherapy and chemotherapy. The present study was approved by the Ethics Committee of the Affiliated Hospital of Weifang Medical University and all patients signed informed consent. Patients' basic clinical information was collected and listed in [Table 1](#T0001){ref-type="table"}. The follow-up overall survival and progression-free survival information were collected 5 years for survival analysis.Table 1Association of Clinical Characteristics of Colon Cancer Patients and MiR-1274a ExpressionCharacteristicsCases\
(n = 117)MiR-1274a Expression*P*Low (n = 58)High (n = 59)Age0.309 ≤60582632 \>60593227Gender0.483 Female421923 Male753936Differentiation0.160 Well - Moderate653629 Poor522230Lymph node metastasis0.044 Negative724131 Positive451728Vascular invasion0.046 Negative704030 Positive471829TNM stage0.023 I--II774433 III--IV401426

Cells Culture and Transfection {#S0002-S2002}
------------------------------

Human colon cancer cell LoVo, SW480, SW620, SW1116, HCT116, and the human colon mucosal epithelial cell line NCM460 were obtained from the Institute of Biochemistry and Cell Biology of Chinese Academy of Sciences (Shanghai, China). All cells were cultured in DMEM medium (Gibco; Thermo Fisher Scientific, Waltham, MA, USA) containing 10% FBS (Gibco; Thermo Fisher Scientific, Waltham, MA, USA) in an atmosphere containing 5% CO~2~ at 37°C.

The miR-1274a mimic, mimic negative control (mimic NC), miR-1274a inhibitor, inhibitor NC were purchased from GenePharma Co. Ltd (Shanghai, China). Then transfection was performed using the Lipofectamine 2000 reagent (Invitrogen, Carlsbad, MA, USA) according to the manufacturer's instructions.

RNA Extraction and Reverse Transcription-Quantitative PCR (RT-qPCR) {#S0002-S2003}
-------------------------------------------------------------------

RNA was extracted from colon cancer tissue or cell lines by using TRIzol reagent (Invitrogen, Carlsbad, MA, USA) following the manufacturer's protocol. The RNA extraction concentration and quality were measured with a NanoDrop 1000 spectrophotometer by calculating the ratio of the optical density at 260 nm and 280 nm (A260/A280 in 1.8--2.0 was used for further preparations). cDNA was synthesized from total RNA using the Mir-X miRNA First Strand Synthesis Kit (TaKaRa, Dalian, China). Then RT-qPCR was performed to detect the miR-1274a expression with SYBR Premix Ex Taq II (TaKaRa, Dalian, China) on an ABI Prism 7500 Fast Real-Time PCR system (Applied Biosystems, Foster City, CA, USA). U6 was used to normalize the miR-1274a expression levels. And the relative expression levels of miR-1274a was calculated using the 2^-ΔΔCt^ methods. Primer sequences used for RT-PCR were: miR-1274a, 5ʹ-GCCGAGTTCAGGTCCCTGTT-3ʹ (forward) and 5ʹ- CTCAACTGGTGTCGTGGA −3ʹ(reverse); U6, 5ʹ-GCGCGTCGTGAAGCGTTC-3ʹ (forward) and 5ʹ-GTGCAGGGTCCGAGGT-3ʹ (reverse).

Cell Counting Kit-8 (CCK-8) Assay {#S0002-S2004}
---------------------------------

Cell proliferative capacities of LoVo and SW620 cells were evaluated with the CCK-8 (Sigma, Louis, MO, USA) assay according to the manufacturer's instructions. The above colon cancer cells (4 × 10^3^ cells/well) were seeded into 96-well plates and incubated in DMEM medium containing 10% FBS at 37°C with 5% CO~2~. Then 10 μL CCK-8 solution was added to each well at different time periods (0, 24, 48, 72 h) and incubated for 2 h at 37°C. The absorbance value of each well was measured at 450 nm wavelength using a microplate reader.

Colony Formation Assay {#S0002-S2005}
----------------------

After transfection, all the cells in each group were seeded into each well of 6-well plates and cultured at 37°C in an atmosphere containing 5% CO~2~. After 14 days, the clones (≥ 50 cells) were washed with PBS, fixed with 4% paraformaldehyde, and stained with 0.1% crystal violet. Then the cell clones were counted and compared.

Transwell Migration and Invasion Assays {#S0002-S2006}
---------------------------------------

The migratory and invasive capacities of colon cancer cells were analyzed by the transwell assay using transwell inserts (8 μm pore size; Corning, NY, USA) according to the protocol of the manufacturer. Transfected cells that resuspended in serum-free medium were seeded in the upper chamber without Matrigel coating for migration assay, while precoated with Matrigel (BD Biosciences, San Jose, CA, USA) for invasion assay. Then, the lower chambers were added culture medium with 10% FBS. After 24 h, the migrated and invaded cells were stained with 1% crystal violet. The number of cells was counted from five random fields under a light microscope (Olympus, Toyko, Japan).

Bioinformatic Analysis and Dual-Luciferase Reporter Assay {#S0002-S2007}
---------------------------------------------------------

The software program miRanda ([<http://www.microrna.org/microrna/home.do>]{.ul}) was used to predict the putative target genes of miR-1274a. The dual-luciferase reporter assay was used to confirm the relationship between miR-1274a and FOXO4. The wild-type and mutated 3ʹ-UTR segments of FOXO4 mRNA containing miR-1274a binding sites were amplified and inserted into the pmirGLO vector (Promega, Madison, WI, USA), as FOXO4 3ʹ-UTR-WT and FOXO4 3ʹ-UTR-Mut, respectively. Then the FOXO4 3ʹ-UTR-WT and FOXO4 3ʹ-UTR-Mut vectors were co-transfected with miR-1274a mimic, mimic NC, miR-1274a inhibitor, and inhibitor NC into LoVo cells using the Lipofectamine 2000 reagent (Invitrogen, Carlsbad, MA, USA) as per the manufacturer's instructions. After 48 h of transfection, luciferase activities were analyzed using a dual-luciferase reporter assay system (Promega, WI).

Statistical Analysis {#S0002-S2008}
--------------------

All experiments were performed independently at least three times each time. All quantified data were presented as the mean ± SD. The statistical analyses were performed with SPSS statistical software (version 20.0; IBM SPSS, USA) and GraphPad Prism software (version 5.0; GraphPad, USA). Pearson's *χ*^2^ analysis was performed to analyze the relationship between miR-1274a expression and clinical characteristics of colon cancer patients. Overall survival and progression-free survival were analyzed using the Kaplan--Meier method. Differences between two groups were analyzed using Student's *t*-test, and differences among groups were analyzed using one-way ANOVA followed by Tukey's post hoc test. The *P* values less than 0.05 were considered statistically significant.

Results {#S0003}
=======

MiR-1274a Expression in Colon Cancer Tissues and Cell Lines {#S0003-S2001}
-----------------------------------------------------------

To investigate the role of miR-1274a in colon cancer, we detected miR-1274a expression levels in colon cancer. We found that miR-1274a was highly expressed in colon cancer tissues compared with adjacent non-tumor tissues (*P* \< 0.001, [Figure 1A](#F0001){ref-type="fig"}). Then, we tested the miR-1274a expression in cultured colon cancer cell lines and normal colon mucosal epithelial cell line NCM460. As shown in [Figure 1B](#F0001){ref-type="fig"}, the expression of miR-1274a levels was higher in colon cancer cells compared to that of the NCM460 cells (*P* \< 0.001). Among these colon cancer cells, LoVo and SW620 cells showed the highest miR-1274a expression levels, which were chosen for subsequently functional analyses.Figure 1MiR-1274a was upregulated in colon cancer tissue samples and cell lines, which was determined using RT-qPCR. (**A**) Expression of miR-1274a in colon cancer tissue samples compared with adjacent non-tumor tissues (**B**) Expression of miR-1274a in colon cancer cells (LoVo, SW480, SW620, SW1116, HCT116) and a normal colon mucosal epithelial cell line NCM460. \*\*\**P* \< 0.001.

The Relationship Between MiR-1274a Expression and Clinical Parameters as Well as Prognosis of Colon Cancer Patients {#S0003-S2002}
-------------------------------------------------------------------------------------------------------------------

Then we further explored the relationship between miR-1274a expression and clinical characteristics of colon cancer patients. These colon cancer patients were divided into low miR-1274a expression level group and high miR-1274a expression level group according to the median expression level of miR-1274a (1.558) in colon cancer tissues. The *χ*^2^ test results in [Table 1](#T0001){ref-type="table"} showed that the expression of miR-1274a was associated with lymph node metastasis (*P* = 0.044), vascular invasion (*P* = 0.046), and TNM stage (*P* = 0.023). However, there was no significant association between miR-1274a expression and other clinical parameters, such as age, gender, and differentiation (*P* \> 0.05).

Further survival analysis using the Kaplan--Meier method showed that patients with high miR-1274a expression had shorter overall survival time compared with patients with reduced miR-1274a expression (Log rank test, *P* = 0.013, [Figure 2A](#F0002){ref-type="fig"}). In addition, patients with high miR-1274a expression had shorter progression-free survival time (Log rank test, *P* = 0.019, [Figure 2B](#F0002){ref-type="fig"}). Then we used multivariate Cox regression analysis to explore independent prognostic factors for colon cancer. The results in [Table 2](#T0002){ref-type="table"} showed that the expression of miR-1274a (*P* = 0.027), lymph node metastasis (*P* = 0.038), and TNM stage (*P* = 0.032) were independent prognostic factors for overall survival of colon cancer.Table 2Multivariate Cox Analysis of Predictors for Overall Survival of Colon Cancer PatientsCharacteristicsMultivariate AnalysisHR95% CI*P*MiR-1274a2.2621.095--4.6710.027Age0.5320.267--1.0610.073Gender1.7730.712--4.4140.218Differentiation0.8300.384--1.7940.635Lymph node metastasis2.0901.042--4.1920.038Vascular invasion1.9850.930--4.2390.077TNM stage2.1081.065--4.1700.032 Figure 2Kaplan--Meier survival analysis for miR-1274a in colon cancer. (**A**) Patients with high miR-1274a expression had a shorter survival time compared with those with low miR-1274a expression. Log rank test *P* = 0.013. (**B**) Patients with high miR-1274a expression had a shorter progression-free survival time than those with low miR-1274a expression. Log rank test *P* = 0.019.

MiR-1274a Overexpression Promotes Cell Growth, Migration, and Invasion of Colon Cancer Cells {#S0003-S2003}
--------------------------------------------------------------------------------------------

To investigate the functional role of miR-1274a in colon cancer, LoVo, and SW620 cells were transfected with miR-1274a mimics or miR-1274a inhibitors, and the transfection efficiency was confirmed by RT-qPCR. As shown in [Figure 3A](#F0003){ref-type="fig"}, the expression of miR-1274a was significantly increased by miR-1274a mimics, while that was downregulated by miR-1274a inhibitors, compared with untreated cells (*P* \< 0.001). Then CCK-8 assays and colony formation assays were used to explore the proliferation of colon cancer cells. Both the results showed that overexpression of miR-1274a promoted cell growth capacity, while downregulation of miR-1274a inhibited cell growth capacity of LoVo and SW620 cells, compared with untreated cells (*P* \< 0.05, [Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}).Figure 3Effects of miR-1274a on the proliferation of LoVo and SW620 cells were analyzed by CCK-8 assay (**B**) and colony formation assay (**C**). (**A**) Overexpression of miR-1274a by transfection of miR-1274a mimics, and downregulation of miR-1274a by transfection of miR-1274a inhibitors. (**B**) Overexpression of miR-1274a promoted cell proliferation, while downregulation of miR-1274a inhibited cell proliferation of LoVo and SW620 cells, compared with untreated cells. (**C**) MiR-1274a overexpression promoted cell growth, while miR-1274a knockdown inhibited cell growth, compared with untreated cells \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001.

In addition, transwell migration and invasion assays were used to explore the migratory and invasive capabilities of LoVo and SW620 cells. Consistent with proliferative results, the results in [Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}, upregulation of miR-1274a enhanced cell migration and invasion abilities, while knockdown of miR-1274a suppressed cell migration and invasion abilities, compared with untreated cells (*P* \< 0.001).Figure 4Effects of miR-1274a on cell migration and invasion of LoVo and SW620 cells were analyzed with transwell assays. Overexpression of miR-1274a promoted cell migration (**A**) and invasion (**B**), while knockdown of miR-1274a inhibited cell migration and invasion, compared with untreated cells. \*\*\**P* \< 0.001.

FOXO4 is a Direct Target of MiR-1274a {#S0003-S2004}
-------------------------------------

MiR-1274a was identified using miRanda that overlapped many target genes, including FOXO4. As shown in [Figure 5A](#F0005){ref-type="fig"}, miR-1274a had putative seed sequences in the 3ʹ-UTR of FOXO4. To evaluate whether FOXO4 may be directly bound by miR-1274a, the dual-luciferase reporter assay was performed. The results showed that FOXO4 3ʹ-UTR-WT was present, transfection of miR-1274a mimics led to a significant decrease in luciferase activity while transfection of miR-1274a inhibitor led to an increase in luciferase activity (*P* \< 0.05, [Figure 5B](#F0005){ref-type="fig"}). However, no significant change was observed in the vector containing FOXO4 3ʹ-UTR-Mut. Then we explored the expression levels of FOXO4 mRNA in LoVo cells transfected with miR-1274a mimic or inhibitor. The results in [Figure 5C](#F0005){ref-type="fig"} indicated that miR-1274a mimic decreased the expression levels of FOXO4 mRNA, while miR-1274a inhibitor promoted the expression of FOXO4 mRNA (*P* \< 0.001).Figure 5Identification of FOXO4 as a direct target of miR-1274a. (**A**) Prediction of binding sequences involving miR-1274a and seed matched in FOXO4 3ʹ-UTR. (**B**) Dual-luciferase reporter assay was used to measure relative luciferase activity after LoVo cells co-transfected with miR-1274a mimic or inhibitor and wild-type or mutant plasmids. (**C**) RT-qPCR was used to measure the relative expression of FOXO4 mRNA in LoVo cells after enforced or knockdown expression of miR-1274a. \**P* \< 0.05, \*\*\**P* \< 0.001.

Discussion {#S0004}
==========

Metastasis is the leading cause of death for cancer patients. Because the symptoms of early clinical stages of colon cancer patients are not obvious, most patients are initially diagnosed at advanced stages with metastasis.[@CIT0021] Increasing studies demonstrated that abnormal expression of genes was associated with tumorigenesis and progression of cancers, including miRNAs.[@CIT0022],[@CIT0023] For instance, miR-205 was found involved in the angiogenesis and progression of thyroid cancer.[@CIT0024] Numerous studies have also demonstrated that aberrant expression of miRNAs was involved in the development and progression of colon cancer, such as miR-183[@CIT0025] and miR-137.[@CIT0026] Thus, finding more novel cancer-related miRNAs is important to develop specific therapeutic approaches for colon cancer.

In the present study, by comparing adjacent non-tumor tissues, we found that miR-1274a expression was significantly higher in colon cancer tissues. Moreover, we also found that miR-1274a expression was increased in colon cancer cells compared with normal mucosal epithelial cell line NCM460. These results indicated that miR-1274a may play an oncogenic role in colon cancer. The associated of miR-1274a expression with clinical characteristics data were further analyzed. The results showed that the high expression of miR-1274a was associated with positive lymph node metastasis, vascular invasion, and advanced TNM stages, indicating miR-1274a expression may be significantly associated with the occurrence and progression of colon cancer.

Increasing evidence has demonstrated that various miRNAs are related to the survival outcome and prognosis of cancer patients, including colon cancer.[@CIT0027] The miR-1274a expression might play an important role in the progression of ovarian cancer and could be used as a prognostic biomarker for ovarian cancer.[@CIT0019] In breast cancer, miR-1274a was also found significantly associated with overall survival and progression-free survival in metastatic breast cancer patients.[@CIT0028] To explore whether miR-1274a has the potential clinical prognostic significance in colon cancer, we performed Kaplan--Meier curve method with the Log rank test. The results showed that patients with high miR-1274a expression had a shorter overall survival time and progression-free survival time compared with those with low miR-1274a expression. Moreover, multivariate Cox regression assay showed that miR-1274a expression was an independent prognostic predictor for overall survival of colon cancer patients. These results indicated that miR-1274a may be a prognostic biomarker for colon cancer.

Considering miR-1274a expression in colon cancer tissues was associated with lymph node metastasis and TNM stage, we speculate that miR-1274a expression may participate in the growth and metastasis of cancer cells. Thus, we investigated the effects of miR-1274a expression on cell growth, migration, and invasion using colon cancer cells. We found that overexpression of miR-1274a by miR-1274a mimics promoted cell growth, migration, and invasion, conversely, inhibition of miR-1274a by miR-1274a inhibitors suppressed these cellular activities. These results suggested that miR-1274a may be involved in the progression of colon cancer. Previous studies have shown that miR-1274a can regulate different target gene expression, such as BMPR1B,[@CIT0029] ADAM9,[@CIT0017] and FOXO4,[@CIT0030] in different biological processes. For instance, miR-1274a was upregulated in clear cell renal cell carcinoma, and loss of oncogenic miR-1274a reduced cancer cell proliferation and induced apoptosis in clear cell renal cell carcinoma through targeting BMPR1B.[@CIT0029] MiR-1274a is also found upregulated in gastric cancer and promotes gastric cancer cell growth and migration through targeting FOXO4, providing a potential target for the therapy of gastric cancer.[@CIT0030] These previous studies are in concordance with our observed trend for miR-1274a in colon cancer. In the present study, the dual-luciferase reporter assay results confirmed that FOXO4 was a direct target of miR-1274a. Interestingly, FOXO4 was downregulated in colorectal cancer and might act as a tumor suppressor in the development and progression of colorectal cancer.[@CIT0031],[@CIT0032] Thus, we speculate that miR-1274a may also play an oncogenic role in colon cancer and promotes the progression of colon cancer by targeting FOXO4. Considering the potentially crucial role of miR-1274a in colon cancer, the detailed molecular mechanism of miR-1274a will be investigated in future studies.

Conclusion {#S0005}
==========

In conclusion, the expression levels of miR-1274a in colon cancer and para-carcinoma tissues of patients in this study suggest that miR-1274a plays an important role in the development and progression of colon cancer. And the expression of miR-1274a in tissues was associated with the prognosis of colon cancer patients and it might promote cell growth, migration, and invasion by targeting FOXO4. Thus, miR-1274a may be a novel prognostic biomarker, and the miR-1274a/FOXO4 axis may be a therapeutic target for the treatment of colon cancer. The present study may provide novel insight into the improvement of therapeutic strategies for colon cancer patients.
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